AD-756 829

RECEIVER NOJISE DUE TO R/V PLASMA SHEATH
TURBULENCE

Ronald L. Fante

Air Force Cambridge Research lLaboratories
L. G. Hanscom Field, Massachusetts

18 December 1972

DISTRIBUTED BY:

National Technical Information Service
U. S. DFARTMENT OF COMMERCE
5285 Po:t Royal Road, Springfield Va. 22151




- Best
Available
Copy




AFCRL-720735

18 DECEMBER 1972
PHYSICAL SCIERCES RESEARCH PAPERS, NO. 520

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES

L. G. HANSCOM FIELD, BEDFORD, MASSACKUSETTS

Receiver Noise Due to R/V Piaema

Sheath Turbuience

RONALD L. FANTE

Repre 4 0ty
NATIONAL TECHNIC AL
INFORMATION SERVICE

Approvad for public releose; distribution unlimited.

AIR FORCE SYSTEMS COMMAND
United Statss Air Force

W)

-
i TS

=



AT

TS

YR SRR MRy

L o i

KAl

TR

T YT STV T

Unclassified
Security Classification
u, LINK A LINK B LINK C
KLY WORDS
NOLE v oL E wr aoLE v
Scatter by turbulence
Turbulent nois‘g
Unclassified

Security Clasmification




Lo 2l S 2 iGh & o

1. INTRODUCTION

2. THEORETICAL CONSIDERATIONS

3. NUMERICAL RESIILTS

ACKNOWLEDGMENT

REFERENCES

1. Orientation of the 3 Vector

1. Turbulent Mean Free Pith for X-band (9.6 GHz)

2. Values of Received X-band Power When 6w /w 0.1,

3.

L~ 100 cm, and v /w-o

Values of Received X band Power When Sw /u =0, 1
L=5cm. andv, Jw =0

" Proceding pagshlant

Contents

11
1

ilustrations

Tables

e noE e s r e




PO, SRR TT

o

Receiver Noise Due to R/V
Plasma Sheat!i Turbulence

1. INTRODUCTION

In some reentry applications, it is important to know the noise power which
will be introduced into an antenna by the turbulent plasma surrounding the venicle,
In this report we will calculate the ncise power backscattered into an antenna by
an underdense, turbulent plasma. The starting point for this calculation is the

transport equation for the radiative intensity derived by Watson (1969, 1870).
This is

8. 9 (1)) +(,~1— +i)“’ - [ao (ME. B e, P} (1
a

The term [I} is a column matrix with four components, as defined in Eq. (29) of
Watson (1970), and the components Ij(i' S)dﬂ represent the radiant energy per unit
area travelling in the direction S within the element of solid angle d2, with the
appropriate polarization properties. The term ! a is the mean free path for
collisional absorption, t is the mean free path for turbulent scatter, and (M) is a
4 x 4 matrix with components given in Table Il of the paper by Watson (1970).

(Received for Publication 18 December 1972)
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2. THEORETICAL CONSIDERATIONS

To study Eq. (1) further, it is convenient to separate [I] into an unscatiered
portion [I°]. and a scattered component [181. We then have, from Eq (1)

p-v A+ L)% =0 @)

B v+ o)1)

B-vifi+(def) vt fawrimyr®) + faorpmrn®y (3
a

Now if we consider backscatter irom a layer of thickness L<<lt, the component

<< I° ana the second term on the right-hand side of Eq. (3) can be neglected in
comparison with the first. For the reentry sheath around many vehicles this ap-
proximation is usually valid. A tabulation of £, as a function of the turbulent cor-
relation length, a, and the reluative fluctuation, 6w p/w » in the plasma frequency,
w , is given in Table 1, for an X-band transmitter frequency. Since the plasma
sheath thickness is generally of order 10 cm, it is clear from Table 1 that l is
generally much greater than the sheath thickness, so that [1 ] satisfies

BV + 1% = fag(m)[1°) “)

where 1/t = 1/1, + 1/t .

Table 1. Turbulent Mean Free Path for X-band (9. 6 GHz)

2 =0,.25 cm a=079cm a=5cm
tlem) éwp/u 1,(cm) 6wp/w t,(cm) 6up/w
5. 08 x10° 0.01 | 9.4x10" 0.01 | t12~10° | o.01
6. 08 x10% 0.1 | 9.4x10 o1 | niex10® | o1
07 0.5 15 0.5 70 0.2




To arply Eq. (4) to the reentry problem, we assume that the surface of the
rad. ting antenna lies in the z = 0 plane, and that the antenna is covered by a
homogenvous turbulent plasma layer extending from z =0 toz = L. We also
assume that the unscattered intensity is a very narrow angle beam which can be
approximated for z < 4, by

“o(ics)] = [I{z=0, !_'l)] e-z/l 62.6 5y

where r is the coordinate transverse to the z-axis and 'z\ is a unit vector along the
z-axis. Upon using Eq. (5) in Eq. {4), we obtain

G- N1%) + 11°) = (M2 (10,2 ) 7 (6)

Equation (6) mey be solved Ly Fourier transforms. Iy we write

) ~iker
()= ff ke ~ 7L (F@xB)) )
-0
we obtain for [F)
-zt
BEL+ arr) = S— (MG (10K @)

xvhere u = cos 6, 0 ig the angle between 8 and the z axis as shown in Figure 1, and
1(0, k) is the Fourier transform of 1(0, = 1)' Also

k-p
a';-”--i .

M
Equation (8) is readily solved for F. The resultis, for -1 < u <0

-0z L '
[F(z.k, D)) = - [M@.2)] ['x‘(o.g_nl—:—- [ aw it ®)
2

In deriving Eq. (9) we have used the fact that F(z = L) is zero for -1< u <0, since
there can be no scattered radiation at 2 = L in the backward hemisphere.
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'z Figure 1. Orientation of the

s Vector

Now let us suppose that tnere is a receiving aperture in the z = 0 plane with a
response A(r 1). Then the power received by this aperture is

0 2%

2 2, A

(Preel = @n? [ lulau [ “av [ P RO,k u.0)) (10)
where A is the Fourier transform of A(r 1). and ¢ is the azimuthal angle as shown

in Figure 1. To evaluate Eq. (10) we assume for mathematical simplicity that

2

7w
10,z )} =1 1P,) exp(-—s-L) (11)
2
Al =exp (- [2 ) (12)
so that
fo.n 1= 02 (P, exp (- sPfam (13)

A - 025 exp (T K/4m. (14)
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The aperture responge A(r ) assumed in Eq. (12) is, of course, not realistic byt
is convenient for mathematical evaluation. Upon using Eqn. (9), (13) and (14) in
Eq. (10, we . btain after writing cl2 = kdkdy and performing the ¢ integration

£t
[ 0] ® f lulduf "ae 2,“[M(p.z)](P ]f dzte ! \M

'I\
x f o 'ilk)d’qkz (15)

where q = (S+Z o)/4r. The k integration in Eq. (15) is readily performed
(Erdelyi, 1954; p. 185) to give ‘

21,
3 [P 1--39-f L‘lcuuj' d¢!M(p.z)HP]f dz' e ‘( l)

rec 4%7q J ;@

LY .
a0

X e e (16)

e A

The integration on z' is readily performed (Abramowicz and Stegun, 1964, p. 303),
and Eq. /18) becomes

0 2%
(Preel *R [ ulau [~ o TWuHME. DI(P,) (17)
where
R =2 /a(rq)*/?

2,-1/2 (l+|u|)9]
Tw) = (1-u4°) exp [ -
50 u))

QW) = erf[( 1 "2 )1/2-1:‘—- + %—(lil_ﬂ.l.q ) 1/2]




Now, for an exponential correlation function it can be shown that

[M] =0 (k) M,] _’ (18)
where
og(u) = A (19)

[(2+5) - 3u]*

grre <6n2)a3
(1‘+ vzlw 2

A=

B e ()

and r, is the classical electron radius, Ve is the electron-neutral collision fre-
quency. \ is the signal wavelength, w is the radian signal frequency, and (bnz)
is the mean-square electron density fluctuation. We note that for the exponential
correlation function we obtain for ‘t’ from Eq. (13a) of Watson (1870):

B(1 +—)
<2%A _ 87A
L TE -;3— B*2(1+-§)ln (1+B) - _TT_ (20)
Finally, for the matrix { M°] we have
" u2 cos2 ¢ “2 slnzé u2 sin ¢ cosd 0 7]
sin2¢ coszé -%-ain 2¢ 0
M) = ey
2u sinéd cosé usin2é ycos 2¢ 0
U 0 0 u _J

If Eqs. (18), (19) and (21) are substituted into Eq. (17) and the & integration per-
formed, we obtain

-
. ——— %

s,
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The reader will now recall from the Watson (1870) paper that in the Stokes para-
meter representation employed, a linearly polarized incident wave has components
P; = pinc‘ but Pg = Pg = P: = 0, Therefore, if we assun.e the incident field is
linearly polarized along the x~axis we have from Eq. (22)

L ]
Prec k
2
P 0 1
rec
<) - ey f.llulduQ(u)T(u)og(m (23)
Prec 0
4
_Prec_ _0 _

If the receiving antenna is not polarization sensitive, the total received power will

. . 1
be the sum of the powers in each of the two polarizations; that is, Pr ec ° Prec+Prec'
which gives
Prec 0 2
2t e R [ || Q)T W) o W) (24)
inc -1 g

Before evaluating Eq. (24),it is convenient to substitute Eq. (19) for o g After gub-
stituting for A in terms of L, from Eq, (20) and replacing u by -4, we obtain:

P

1 2
rec Af _udp Q) Tw)(1+u”) (25
o

T () B
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3. NUMERICAL RESULTS

The integral in Eq. (25) must be evaluated numerically. Let us suppose that
6wp/u =0.1, % =S= n2/4 where \ = signal wavelength, "c/“’ = 0.0, aud that
the signal frequency is 9. 6 GHz. Values of Pr e c/Pin ¢ are presented in Table 2
for L = 100 cm, and in Table 3 for L = 5 cm. We note from Table 3 that for cor-
relation lengths of the order 1 cm, which is often estimated 8 the correlation
3 length in reentry plasmas, the received turbulent noise is abnit 50 dB below the
iransmitted signal. Therefore, the turbulent noise will generaily not present any
cbstacle to the operation of a one-way communication system. For two-way
systems, however, such as a terminal guidance radar*, it is clear from our
results that the noise generated by the plasma turbulence can be an important
E systems considerc.tion. We have not attempted to do a full systems study at this
time, but such a study is readily performed by using Eq. (25) with the appropriate
systems parameters. )

W

Table 2. Values of Received X-band Power When
wp/w =0.1, L=100cmv fuw=0

: i F

i a(Cm) Prec/Pinc
| -5
F 0.25 3.24% 10
; 0.79 1.15%x 1075
i 5 3.50% 107"

* For such applications, the receiving and transmitting antennas will
generally not be colocated, as has been assumed here. If the receiving and trans-
mitting antennas are separated by a distance Ty Wemust replace Eq. (12) by

3 Alr)) =exp [ - f(gl-l‘o)zlz o)

2. g




Table 3. Values of Received X-band Power When
6wp/w =0.1, L=5cm, andv Ju =9

a(em) 1:‘re‘c/ pinc
0.25 2.53x% 10°°
0.79 0.927% 10"

‘ -
5 2.82%10
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